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1.3  Terms  and  Abbreviations 

1.3.1  RAM  -  RAM,  the  name  of  the  system,  is  an  abbre¬ 
viation  for  Resource  Allocation  Model,  reflecting  the  system's 
major  area  of  applicability. 

1.3.2  Terms  -  Standard  mathematical  notations  and  cost- 
benefit  and  resource  allocation  terminology  are  used  through¬ 
out  this  functional  description.  Cost-benefit  and  resource 
allocation  terms  are  defined  when  they  are  first  encountered. 
References  1.2.1,  1.2.2,  and  1.2.3  provide  more  detail  on 
the  cost-benefit  and  resource  allocation  methodology  imple¬ 
mented  by  RAM. 


2.0  SYSTEM  SUMMARY 


2.1  System  Description 

RAM  is  a  model-building  software  system  that  supports 
the  decision  process  of  allocating  scarce  monetary  resources 
among  competing  alternatives.  Its  general  purpose  is  to  aid 
decision  makers  by  providing  them  with  the  capability  to 
construct,  store,  retrieve,  exercise,  and  refine  cost- 
benefit  models  of  the  complex  resource  allocation  problems 
they  face. 

Cost-benefit  analysis  serves  as  the  methodological 
foundation  for  the  RAM  system.  A  RAM  model  serves  as  the 
organizing  framework  for  processing  information  concerning 
the  costs  and  relative  benefits  of  the  alternatives  for 
resource  allocation. 

The  overall  objective  of  RAM  is  to  prioritize  the  allo¬ 
cation  of  resources  in  a  manner  that  is  logically  consistent 
with  the  decision  maker's  value  structure.  For  a  more 
complete  description  of  the  purpose  and  use  of  RAM,  see 
RAM  Users  Manual,  reference  1.2.4. 

2.2  Design  Objectives 

The  RAM  system  is  designed  to  be  used  interactively  by 
end  users  who  are  relatively  unsophisticated  with  respect  to 
computer  technology.  Accordingly,  the  design  satisfies  two 
human-factors  objectives i  RAM  is  a  menu-driven  system,  and 
one  that  is  generally  forgiving  of  procedural  errors  made  by 
the  user. 

Zn  addition,  to  facilitate  the  production  of  the  pro¬ 
gram  specification  and  coding  necessary  to  implement  RAM  at 


a  physical  site,  the  system  is  designed  in  a  hierarchically 
structured  and  modular  fashion*  The  logical  structure  of 
RAM  is  contained  in  RAM  Systems  Specification#  reference 


1.2.5. 
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3.0  DETAILED  CHARACTERISTICS 


The  Resource  Allocation  Model  (RAM)  software  was 
developed  specifically  to  serve  as  a  decision  aid  in  the 
complex  and  difficult  trade-off  problem  of  determining  the 
best  procurement  mix  to  be  specified  in  the  Program  Objec¬ 
tives  Memorandum  (POM)  process  of  the  Department  of  Defense. 
RAM  aids  users  in  performing  cost-benefit  trade-offs,  and  in 
developing  optimal  procurement  objectives  within  a  fixed 
budget.  It  is  a  highly  useful  tool  for  both  conventional 
and  zero-base  budgeting  activities. 


The  fundamental  product  of  RAM  is  a  resource  allocation 
model.  The  RAM  system  enables  the  user  to  create,  store, 
retrieve,  exercise,  and  refine  resource  allocation  models 
interactively. 


All  of  the  specific  functions  that  RAM  performs  are 
related  to  the  resource  allocation  model.  Therefore,  in 
order  to  establish  a  frame  of  reference  for  understanding 
the  RAM  functions,  it  is  necessary  to  begin  with  a  detailed 
description  of  the  format,  inputs,  and  outputs  of  the  re¬ 
source  allocation  model.  A  description  of  the  specific 
functions  that  RAM  performs  appears  in  Section  4.0. 


> 

3.1  Model  Description 


The  RAM  model  assumes  that  two  or  more  organizational 
sponsors  (e.g.,  training,  logistics,  manpower,  etc.)  have 
each  proposed  several  items  (e.g.,  procurement  packages, 
research  programs,  etc.)  for  funding.  The  items  all  compete 
with  one  another  for  funding  consideration.  Each  item  is 
assumed  to  have  associates  costs  (spread  among  several 
components)  and  an  associated  benefit.  Both  oosts  and 
benefit  ai  as ear  i  by  the  item's  sponsor  group. 
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The  model  also  assumes  that  a  group  of  independent 
judges  (honest  brokers)  has  assigned  a  relative  importance 
weight  to  one  randomly  selected  item  from  each  sponsor. 

Each  resource  allocation  model  created  by  the  user  has 
a  unique  label,  and  each  is  constructed  using  the  same 
generic  format.  The  basic  model  format  is  shown  graphically 
in  Figure  3-1.  The  format  always  consists  of  all  of  the 
following  elements  which ,  when  completely  specified,  uniquely 
define  a  RAM  model. 

3.1.1  The  problem  area  -  A  short  label,  P,  defining 
the  general  nature  of  the  resource  allocation  problem.  This 
label  is  applied  to  the  model  and  is  used  to  store  and 
retrieve  it. 

3.1.2  The  organizational  sponsors  -  A  list  of  the  n 
sponsors  (S^,  Sj,,..,  SR)  who  collectively  have  proposed  the 
various  items  to  be  funded.  Each  sponsor  is  appropriately 
labeled. 

3.1.3  The  Items  -  A  list  of  the  k  items  (1^,  I2,...,  Ik> 
submitted  by  each  sponsor  where  k  varies  per  sponsor.  Each 
item  is  appropriately  labeled. 

3.1.4  Cost  components  -  A  list  of  five  cost  components 
(Q^  through  Qg)  describing  the  different  kinds  of  costs 
inherent  in  the  total  cost  associated  with  each  specific 
item.  Each  cost  category  is  appropriately  labeled.  An 
additional  cost  component  is  preassigned  the  name  "other 
costs . " 

3.1.5  Item  costs  -  A  vector  of  six  separate  costs  (C^ 
through  Cg)  associated  with  each  item.  The  first  five  costs 
correspond  with  the  five  cost  components.  The  sixth  cost 
comprises  "all  other  costs." 


RAM  MODEL  FORMAT 


3.1.6  Item  benefit  -  For  each  item,  a  sponsor-assigned 
relative  benefit,  B^,  such  that  0£Bj£lOO.  The  benefit 
number  describes  the  relative  utility  that  the  sponsor 
attaches  to  the  item.  The  item  having  the  greatest  benefit 
to  each  sponsor  is  always  assigned  a  value  of  100. 

3.1.7  Rationale  -  For  each  sponsor-assigned  relative 
benefit,  rationale  describing  the  reasons  that  the  relative 
benefit  was  assigned  to  that  item.  The  rationales  are 

useful  for  briefing  the  results  and  for  communicating  essential 
information. 

3.1.8  Weights  -  A  vector  of  weights  (W^,  W2,...,  Wr) 
describing  the  relative  importance^  of  n  selected  items,  one 
item  chosen  from  each  sponsor.  The  weight  assigned  to  each 
specific  item  will  be  associated  with  the  entire  list  of 
items  submitted  by  that  sponsor.  Note  that  each  sponsor  has 
only  one  item  that  will  be  assigned  a  weight.  Weights  are 
assigned  by  a  group  of  independent  judges. 

This  completes  the  model  format.  The  resource 
allocation  model  is  completely  and  uniquely  specified  when 
the  elements  described  above  are  defined  by  the  user. 

3.2  Results  of  the  Model 

The  input  specifications  describing  the  model  can  be 
processed  to  produce  the  following  results. 

3.2.1  Total  cost  -  A  single  number  representing  the 
total  cost  for  each  item.  The  total  cost  is  obtained  by 
adding  the  cost  components  through  Cg. 

3.2.2  Normalized  benefit  -  A  single  number,  6^,  rep¬ 
resenting  the  normalized  benefit  associated  with  item  j  from 
sponsor  i.  The  normalized  benefit  indicates  the  item's 


position  relative  to  all  items  submitted  by  all  of  the 
sponsors.  Normalized  benefits  range  on  a  scale  extending 
from  0  to  100.  The  normalized  benefit  is  computed  as  fol 
lows. 


First,  for  each  sponsor  i  compute  an  index  of 
merit/  M^,  such  that: 


where  is  the  weight  previously  assigned  to  the  sponsor 
i's  item  j  by  the  independent  judges/  and  is  the  sponsor's 
original  assessment  of  the  benefit  of  item  j. 


For  example/  if  the  selected  item  had  been 
assigned  an  original  benefit  of  50  by  the  sponsor  but 
assigned  a  weight  of  10  by  the  independent  judges,  then  the 
resultant  index  of  merit  is  .2. 


Second,  considering  all  of  the  sponsors,  deter¬ 
mine  the  value  of  the  greatest  index  of  merit,  Hllulv. 


Third,  compute  the  normalized  benefit,  0,  of 
any  item  j  from  any  sponsor  i  as  follows: 


3.2.3  Cost-benefit  ratios  -  A  single  number  repre¬ 
senting  the  ratio  of  cost  to  benefit  for  each  item.  This 
number  is  calculated  by  dividing  the  item's  total  cost  by 
its  normalized  benefit.  Zf  any  specific  benefit  is  equal  to 
zero  (and,  therefore,  the  cost-benefit  ratio  is  infinite) , 
the  software  will  automatically  yield  the  maximum  repre¬ 
sentable  value  for  the  cost-benefit  ratio. 
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3.2.4  Item  rankings  -  A  single  list  representing  the 
order  in  which  the  items  should  be  acquired.  The  list  is 
arranged  according  to  the  cost-benefit  criterion  (whereby 
items  with  the  lowest  ratio  of  cost  to  benefit  are  bought 
first) •  However/  items  designated  as  "must-buy"  items 
(designated  as  such  either  for  political  considerations  or 
because  of  contractual  obligations)  are  always  ranked  first. 

I 

3.2.5  Cost-benefit  versus  benefit-only  display  -  A 
set  of  displays  that  shows  the  order  in  which  the  items 
would  be  bought  both  according  to  a  cost-benefit  criterion 
(buying  in  order  of  smallest  to  largest  cost-benefit  ratio) 
and  according  to  a  benefit-only  criterion  (buying  in  order 
of  greatest  to  smallest  overall  benefit)  for  each  individual 
sponsor.  The  cumulative  cost  and  benefit  accruing  as  each 
individual  item  is  bought  are  also  displayed.  The  two  lists 
are  displayed  side  by  side#  with  equal  cumulative  costs 
being  displayed  at  the  same  level.  Often/  many  items  on  one 
list  are  displayed  in  the  same  space  that  only  one  or  two 
items  occupy  on  the  other  list.  This  signifies  that  the 
larger  set  of  items  has  the  same  cumulative  cost  as  the 
smaller  set/  although  their  cumulative  benefit  may  differ. 

In  general/  the  items  will  be  purchased  in 
different  orders  according  to  the  two  criteria/  with  the 
cost-benefit  criterion  preferred.  Figure  3-2  represents 
this  notion  graphically.  For  example f  the  figure  indicates 
that  a  fixed  cost  of  100  provides  50%  of  the  maximum  benefit 
if  the  benefit-only  criterion  is  used/  but  the  same  cost 
provides  68%  of  the  maximum  benefit  if  the  cost-benefit 
criterion  is  used.  Figure  3-3  depicts  a  sample  computer 
printout  of  the  cost-benefit  versus  benefit-only  display. 

3.2.6  Cumulative  cost  display  -  This  display  yields 
the  cumulative  cost/  by  cost  component/  as  each  item  is 
acquired  under  a  variety  of  criteria.  Any  constraints 
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Figure  3-3 

COST-BENEFIT  VS.  BENEFIT-ONLY  DISPLAY 


l$pMd  on  any  of  the  component  coots  (as  well  as  on  the 
total  cost)  can  be  invoked  at  any  stage.  Figure  3-4  depicts 


1.1.  '  ■;  s-v-fc  \  .  ••: 

-  “  •  : 

V  -::  y;  ;••  -  ■ 


life. 


tv 


|ee«»»eeeceecseeeee eeeeeeee 
eeeeeee«eee«eee  «re  ccceeeeoe 

gp  •  •  •  ♦  •  •  •  •  •  *  •  •  •  *  •  .*  •  •  •  •  *  ••  • 

t«NNN*»iHN*i*oceinerp<neHie«^»** 

*4  04  0* 

eeeocecceoeceoccceocccccce 

Kf*  ••♦••••  •  •  •  *•••••*••••••••• 

t  Kmirire^eoc  tr  m 

{►r»NNfC«htffCCNirh>fiffCraH1fa  IT  f*  |*»  0* 

HMHH 

>  c  c  o  e  o  c  c  c  e  ©  c  e  ©  e  o  ©  e  o  c  ©  c  c  ©  e  ©  e 

t-fler*»"«*-<*-*fscrBc\cvc*-<^c?*r*c»*M«ri*,'r*r*©eccrr-r*r* 
*e>.©*'4^ie««rr‘»r^r-t*.cr*^i*>ru*»nccf*«e*nrcrer-0v 
afcN^NNNM^nwnwr^^inu’HftjriftOHwr.t  hh 

9  H 

p  c  c  ©  ©  ©  c  e  c  c  e  ©  ©  o©  o  ©  ©  c  ©  c  e  ©  ©  ©  c  © 

or©occrmiNcrcr^i«m^ormmf^fN;r*p^«'€r<rs£:s£f^r*r,> 

»<©ec,>*,«vc^r*«cir 

H  H  Fi  n  H  H  tT 

cccecccccocoGceccococcccee 
e  ••«••••••  «  •••••••»•••«•«•  • 

Kcirccirctrrvff  <0see«r^iAUNceeirirece 

**arcc©fr^»0,~rs;r*«*irf^©f**0e«r«r^occ<Nfor* 

k,H«HN(\Nwrnrrnr>r^»4M^KflCffe'^HT^ 

jjeeeeee©ocoee©ecoceeoceocee 

©ec©eeoe©e©eooeoooooeo©eoo 

«••••••••  i  »••••«•••»•  •  •  •  •  •  • 

r  c  n  eisheNtt««eemimKffMAiAiflerco 

triH  «  (S  MI*iM9tftNNtOMfltnON(AM 

m  e* 

©eoooooeeoeoooceooeeooooco 

b  •••••••  t  •••.«•••••••••••••  • 

Eir>©  *rtt*»o*0t*f»tii»»*'ONr»f'~4in'»*o*4C© 
IAN  HNN»NHN«NNfKNON 

oooooocoooooooeoooocoeoooo 

^•••••••••••••••••••••■•••« 

« <v  ©  CHicoceiAnvtfNMHtPiAte^ce^ee 
*o  tftM  an«H»-4 

IbCi  t  M  n 

o©ooco©©oooooeoooeoeoe©ooe 

#•••••••••••••«•  a  ••#•••••  • 

fee*  lA«N^O©f  IACHCHNONOO 

►  •»  HNN»HHOmCNtHHte 

kn  n  «  m  m  o 

«r 

ccocooo©ooe©ooo©o©oeooeeoe 
k  «  c  it  in  o  «n  m  o  m*  h  «  •  o  n  •!  ir!  •  «  o  m  o  e  in  e  ir! 
SkH  «  w 

|^g|||i|gi|f|s|||  |||||i 

c']iiil!lllii!iii!lll 


14 


Figure  3-4 

OVERALL  AND  CUMULATIVE  COST  DISPLAY 


tha  BUILDHAM  Subsystem 


4.2.1  Crau f  a  ntw  BAM  aodal  -  Permit  the  urn  to 
oraata  an  entirely  n«w  raaourot  allocation  nodal,  which  than 
baooa—  tha  currant  nodal.  Tha  uaar  craataa  a  nodal  by 
•pacifying  tha  organisational  sponsors,  items,  and  cost 
components,  as  dasoribad  in  S actions  3.1.2*  3.1.3,  and 


a.  item  names; 

b.  item  benefits; 

c.  normalized  benefits; 

d.  total  costs; 

e.  cost- benefit  ratios;  and 

f.  item  rankings. 

The  user  may  also  obtain  a  display  of  the  cost-benefit  ver¬ 
sus  benefit-ordering  of  the  item  procurement  for  all  of  the 
items  of  any  sponsor. 

4.3  Functions  Performed  Only  by  the  REPRAM  Subsystem 


4.3.1  Sort  the  items  -  All  displays  available  in 
REPRAM  are  available  either  for  the  items  submitted  by  a 
designated  single  sponsor  or  for  all  items  from  all  spon¬ 
sors.  The  user  nay  sort  the  available  displays  in  any  of 
the  following  orders; 

a. 

by  sponsor  and  item  number; 

b. 

by  sponsor-assigned  item  benefit; 

c. 

by  normalised  benefit; 

d. 

by  total  cost; 

e. 

by  cost-benefit  ratio;  or 

f. 

by  ranking. 
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The  items  may  be  sorted  either  in  ascending  or  descending 
order. 


4.3.2  Display  results  of  the  current  model  -  Permit 
the  user  to  examine  the  structure  and  content  of  the  node  by 
displaying : 

a.  item  names; 

b.  item  benefits; 

c.  normalized  benefits; 

d.  costs  (both  by  separate  component  and  cumula¬ 
tive)  ; 

e.  cost-benefit  ratios;  and 

f.  item  rankings. 

These  may  be  obtained  for  a  single  sponsor  or  for  all  of  the 
sponsors ,  in  any  specified  order  as  described  in  Section 
4.3.1. 

4.3.3  Print  listing  of  results  -  Permit  the  user  to 
obtain  a  hard-copy  printout  of  all  of  the  displays  described 
in  Section  4.3.2. 

4.3.4  Display  and  edit  rationale  -  Permit  the  user  to 
display  the  rationale  explaining  the  benefit  nusiber  assigned 
to  any  specific  item.  The  rationale  may  also  be  revised, 
should  additions  or  corrections  be  required.  Inputting  and 
editing  rationale  are  accomplished  by  the  same  software 
process. 
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